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of Force-Generating Cross-Bridges
Li Wang1, Anzel Bahadir2, Masataka Kawai1.
1Anatomy and Cell Biology, University of Iowa, Iowa City, IA, USA,
2Department of Biophysics, Duzce University, Konuralp, Duzce, Turkey.
Ionic strength (IS) is an important parameter to govern the inter- and intra-
molecular interactions. In muscle, it has been known that an increase in IS
lowers Ca2þ activated tension, however, its molecular mechanism is not well
understood. Our aim was to determine whether force/cross-bridge or the num-
ber of force-generating cross-bridges changes with IS. Stiffness during rigor
was studied on single fibers from rabbit psoas, which showed that there was
no effect of IS, demonstrating that in-series compliance is not affected by IS.
This observation indicates that stiffness of thick filament, thin filament, myosin
head, and actomyosin interface are not affected by IS. Sinusoidal analyses were
performed during Ca2þ activation, and the effects of ATP, phosphate (Pi), and
ADP on three rate constants were studied at IS ranging 150mM-300mM to
characterize elementary steps of the cross-bridge cycle. Both ATP binding
(K1) and ADP binding (K0) increased to 2x, and the Pi binding (K5) decreased
to 1/2 when IS was increased from 150mM to 300mM. The effect of Pi can be
explained by the electrostatic interaction with the Pi binding site on myosin.
The effect on ATP/ADP can be attributed to improved stereoscopic and hydro-
phobic interaction with the nucleotide binding site. The increase in IS increased
cross-bridge detachment steps (k2 and k(-4)), indicating that electrostatic force
counteracts these steps. However, IS did not affect attachment steps (k(-2) and
k4). Consequently, the equilibrium constant of the detachment step (K2)
increased to 2x, and the force generation step (K4) decreased to 0.7x. These ef-
fects together diminished the number of force-generating cross-bridges by
~10%. Because associated decrease of tension was ~40%, the major effect of
IS is a decrease in force/cross-bridge, but also a decrease in the number of force
generating cross-bridge occurs.
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In the presence of Mg2þADP, myosin forms stable ternary complexes with
phosphate analogues, fluoroberyllate (BeFn), fluoroaluminate (AlF4-) and or-
thovanadate (Vi), each of which may mimic different transient state along
ATPase cycle. It is known that kiensin also forms similar ternary complexes.
Our previous studies on the photoaffinity-labelling using photoactive ADP
analogue and 19F NMR spectroscopy using 19F-labeled ADP analogue for
the ternary complexes revealed that there is some variation in the myosin-
nucleotide contacts at the nucleotide base among the ternary complexes. Pre-
viously, we have incorporated photochromic molecule, azobenzen derivative
into the functional region of ATP driven motor proteins and succeeded to con-
trol activities and conformation reversibly by photochromic irradiation. Aim of
this study is to induce transition between the different steps in ATPase cycle of
motor proteins utilizing photoisomerization on the motor protein-phtochromic
ADP analogue-fluorometal ternary complexes. In this study, three types of
photochromic ATP analogues composed of azobenznene, spiropyran and
fulgimide derivatives were synthesized. The photo-responsive interaction of
the photochromic ATP analogues with myosin and kinesin were examined.
Photo-dependent conformational changes of the myosin motor domain were
monitored by X-ray small angle scattering. And the photo-reversible changes
in the velocity of the microtubule glyding for kinesin in the presence of the
photochromic ATP analogues were also observed. In the presence of fluorome-
tal, BeFn, photochromic ADP analogues were trapped within the ATPase site
of kinesin and myosin resulted in formation of ternary complexes. The confor-
mational changes of the complexes induced by photo irradiation were studied.
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We have used electron paramagnetic resonance (EPR) of a bifunctional spin
label (BSL) to obtain high-resolution measurements of individual structural el-ements within the myosin II catalytic domain (CD). Two complementary EPR
techniques were employed to measure protein orientation (conventional EPR)
and intra-protein distances (dipolar electron-electron resonance, DEER). The
use of BSL greatly enhances the resolution of EPR, by virtue of its strongly im-
mobilized and stereoselective bifunctional attachment to the protein backbone
at two engineered Cys residues. Crucially, both techniques utilized here permit
the elucidation of myosin structure while in complex with actin, generating rele-
vant constraints for the refinement of actomyosin structural models. In the
current work, Dictyostelium myosin II was used as our model system. We
measured nucleotide-dependent structural transitions of three key helices within
the myosin CD. Three double-Cys sites were engineered, with Cys pairs located
on the relay helix, helix HK (upper 50kDa domain) and helix HW (lower 50kDa
domain), respectively. BSL on a construct with one of these pairs was used to
measure myosin orientation relative to oriented actin. BSL on a construct with
two pairs was used to measure interprobe distances. The effect of ADP binding
was clearly detected by EPR, and subsequently modeled using the orientation
and distance measurements as constraints. We find that the structural change
induced by ADP in the actin-bound myosin CD is clearly different from that
predicted from actin-free crystal structures. This work was funded by grants
from NIH (R01 AR32961, T32 AR07612, P30 AR0507220).
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Dysregulated mechano-activated calcium (Ca2þ) and reactive oxygen species
(ROS) signaling pathways underscore a growing number of diseases; however,
a lack of mechanistic detail has limited the discovery of therapeutic targets. The
cytoskeleton has garnered recent interest as it integrates and focuses mechani-
cal stress on mechano-activated enzymes, ion channels, and proteins. In striated
muscle, we recently discovered the microtubule network as the critical cyto-
skeletal element which activates X-ROS, a novel pathway in which the me-
chanical stress of stretch/contraction drives NADPH Oxidase 2 (NoX2) ROS
production. In healthy muscle, X-ROS sensitizes the activation of ligand or
stretch-activated Ca2þ channels and pharmacologic modulation of MT density
‘tunes’ X-ROS. In disparate models of muscular dystrophy, we find elevated
MT network density drives excess X-ROS and Ca2þ signaling dysfunction.
Acute pharmacologic ablation of MT network structure in diseased muscle re-
vealed the MT network as a target with translational potential, however MT
structure is critical to normal cellular function and significant MT ablation
may limit this approach. We identified elevated levels of a-tubulin de-
tyrosination - a post-translational modification (PTM) associated with
increased mechanical properties of the MT network - in muscle exhibiting
both enhanced MT density and X-ROS. In dystrophic mdxmuscle, the pharma-
cologic reduction of a-tubulin de-tyrosination had no effect on the overall den-
sity or structure of the MT cytoskeleton, yet significantly reduced X-ROS and
Ca2þ dysregulation in vitro and limited contraction-induced muscle injury in
vivo. Measures of sarcomere and sub-sarcolemmal cytoskeletal mechanics re-
vealed that a reduction in a-tubulin de-tyrosination decreased the mechanical
stiffness of the MT cytoskeletal network. We conclude that a-tubulin de-
tyrosination is a PTM that regulates the mechanosensitivity of striated muscle
and propose that pharmacological targeting of this PTM will have broad ther-
apeutic potential for the muscular dystrophies.
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Disuse and unloading rapidly result in skeletal muscle atrophy, fiber type switch
and dysfunction. The recovery from those conditions has broad physiological
and medical significances. To understand the recovery process and the molec-
ular adaptations in muscle reloading, mouse soleus muscles were studied after
4 weeks of hind limb-suspension and reloading for 3, 7, 15, 30, 45 and 60 days.
The results showed that 4 weeks of unloading produced significant muscle at-
rophy and reductions of contractile force and fatigue tolerance, accompanied
